The balance between postsynaptic Ca(2+)-dependent protein kinase and phosphatase activities controlling synaptic strength.
The activities of protein kinases and phosphatases are believed to regulate neuronal activity and synaptic plasticity in brain. Numerous in vivo and in vitro studies have shown that synaptic strength appears stable under basal conditions and during long-term potentiation (LTP) expression. This may reflect a balance between protein kinase and phosphatase activities. To provide experimental evidence for this hypothesis, and based on our knowledge that Ca2+/CaM activates protein kinases and phosphatases and that postsynaptic Ca2+/CaM signal pathways play important roles in synaptic plasticity, we examined the contribution of postsynaptic Ca(2+)-dependent protein kinases and calcineurin (CaN) in regulating synaptic strength. We show that inhibiting postsynaptic Ca2+/CaM-dependent protein kinase II (CaM-KII) and Ca2+/phospholipitidyserine-dependent protein kinase (PKC) in hippocampal CA1 neurons attenuates significantly the expression of LTP, but not basal synaptic transmission. On the other hand, the inhibition of postsynaptic CaN enhances synaptic transmission at potentiated and naive synapses, and increases significantly the magnitude of synaptic potentiation during the induction phase of LTP. These results indicate that postsynaptic CaM-KII and PKC activities are essential for maintaining LTP expression, but CaN activity limits synaptic strength at stable levels during both basal and potentiated synaptic transmission; that is, the dynamic balance between protein phosphorylation and dephosphorylation that sets physiological synaptic strength is dominated by CaN activity.